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ABSTRACT

The agglomeration of iodine-131 and sodium oxide particulates has
been studied for two types of hypothetical Liquid Metal Fast Breeder
Reactor (LMFBR) accidents, In the first test, the iodine was in the form
of sodium iodide-131, and was released simultaneously with sodium oxide
aerosol produced from a pool fire. In the second, the sodium oxide aero-
sol was released into an atmosphere containing molecular iodine-131
vapor.

The first type of release simulates an incident in which the fission
product iodine has reacted to form sodium iodide before the accident,
The released aerosol consists of sodium oxide and sodium iodide-131.
Observations of the airborne concentration, fallout rate, plating rate,
and particle size show that the sodium iodide-131 was agglomerated with
the sodium oxide, and the aerosol behaved as though it were one material.
The second experiment simulates a fuel accident in which fission prod-
ucts are released separately from the oxide. As the sodium oxide aerosol
particles were mixed with iodine-131 vapor, the oxide rapidly scavenged
a large fraction of the available iodine, reducing the free molecular iodine
concentration by a factor of 103 in a few minutes. The molecular iodine
activity was preferentially associated with the smaller sodium oxide
particles. The sedimentation, filtration, and plating rates were meas-
ured, and the iodine and the mixed aerosol behaved as had been noted
previously. A plating rate was also established for the iodine vapor
before the oxide was released. A small residual amount of unagglom-
erated iodine was detected, which was not identifiable as molecular iodine.
The particulate oxide-iodine aerosol was filterable, with an efficiency
better than 0,99, while the unagglomerated iodine compound could not be
filtered by a molecular membrane filter,

I INTRODUCTION

The release of radioactive iodine following a hypothetical Liquid
Metal Fast Breeder Reactor accident could result in excessive environ-
mental exposures, if the iodine were to remain as a vapor or as very
small particles, and were to leak from the containment structure as air
does. If, at the same time, the sodium coolant burns and produces a

*Work performed under USAEC Contract AT(04-3)-701.
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sodium oxide aerosol, the resulting mixture of sodium oxide and radio-
iodine should behave differently. Under these conditions, the aerosol
particles and the iodine agglomerate with each other, and are removed
from the airborne phase, mainly by gravitational settling. A series of
tests have been performed to study these removal effects for radioiodine -
sodium oxide systems,

Two types of reactor accidents were simulated in these studies. The
first tests simulated an incident in which the fission product iodine had
reacted to form sodium iodide, and was released during the pool burning
of sodium coolant., The second group of tests simulated the release of
fission products separately from the sodium oxide aerosol, which is sub-
sequently generated from a pool fire,

II. EXPERIMENTAL DESCRIPTION

The first type of incident was simulated by the pool burning of metal-
lic sodium containing sodium iodide-131, and the second by pool burning
metallic sodium and the release of sodium oxide into an atmosphere con-
taining elemental iodine-131. All experiments were performed in the
Laboratory Test Chamber (LTC), which has a height of 180 cm and a
volume of 1.1 x 106 cm3. The chamber is instrumented for air sampling
at a number of elevations, for automatic sequential fallout sampling, and
for automatic sequential wall plating sampling,” In the sodium iodide re-
lease studies, air samples were taken with 0.2-p "Gelman'' millipore
filters; while in the elemental iodine releases, the air samples were taken
with 0.8-p '""Gelman'' millipore filter backed with '"H. Reeves Angel' Type
AGB-1 charcoal filter paper., The activity was measured by means of a
sodium iodide detector, and the sodium was measuredwith a flame photom-
eter,

The sodium iodide aerosol releases were initiated by adding dry
sodium iodide containing I-131 to metallic sodium. The sodium was
heated to 1000°F under an inert atmosphere. At the start of the release,
the molten sodium was exposed to the air atmosphere of the chamber and
ignited spontaneously, releasing a mixture of sodium iodide and sodium
oxide,

The pure elemental iodine was prepared by a molten-state oxidation
of sodium iodide. An aliquot of the condensed iodine crystals from this
oxidation was placed in a glass vial which could be heated separately in
the test chamber. The test was initiated by first vaporizing the iodine
crystals; then, after 20 min, the hot sodium was burned, releasing the
sodium oxide, Prior to the release of iodine for Test No. 2, the atmos-
phere in the chamber had been filtered and dried to ~1 nuclei/cm3 and
1500 ppm of water vapor,.

A third test of radioiodine - sodium oxide agglomeration was evalu-
ated. In this test, the iodine was in the same form as for the iodine vapor
study, but the atmosphere had not been precleaned, so that the elemental

*C, T. Nelson, L. Baurmash, and R. L. Koontz, '""Technique for Sampling
Sodium Smoke and Fission Products,' Proc, 9th AEC Air Cleaning Con-
ference, AEC 660904 (1966)
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iodine could agglomerate on naturally occurring atmospheric nuclei before
the sodium oxide aerosol was produced.

III. DISCUSSION OF RESULTS

Air Concentration

The sodium oxide and sodium iodide released from the burning mol-
ten sodium in the first type of experiment came off at the same rates,
and, after the maximum concentrations, decayed at similar rates, as
shown in Figure 1. The peak concentration of sodium, as sodium oxide,
was 1.6 ,u.g/cm3, and it took ~40 min to decay to 50% of this value. The
comparable data for the sodium iodide was 8.4 x 10-4 ,uCi/cm , and 40
min for the first 50% value. The concentrations were measured for 6 hr,
when both sodium oxide and sodium iodide were 0,5% of their maximum
values,

In the iodine vapor - sodium oxide experiment, sodium oxide was
not produced until 20 min after the iodine had been vaporized. The initial
airborne iodine activity was ~1340 dpm/cm3, or 6.1 x 104 uCi/cm ,
which is equivalent to 148 mg of iodine in the test chamber volume (13
;Lg/cm3) (Figure 2). During the time when only iodine vapor was present
in the chamber (20 min), the concentration of activity collected on char-
coal filters decreased, with a half-time of 400 min. During this initial
phase of the experiment, only 30% of the total activity was collected on
the millipore filter, When the heated sodium in the pot was exposed to
the air in the chamber, at about 20 min, 0.92 gm of sodium was imme-
diately released to the chamber as oxides of sodium, with the peak (sodium)
concentration of 0,77 /.l.g/cnn3 occurring at ~21 min, As shown in Fig-
ure 2, the radioactive level which was airborne increased during the
sodium release. Immediately upon the release of sodium oxide, ~99%
of the total airborne activity was found on the millipore filter, while the
balance was on the charcoal backup filter. The level of activity retained
on the charcoal filter had immediately been decreased by about a factor
of 100 by the addition of particulate sodium oxide, showing the rapid
scavenging effect of the particulate oxide. After the peak concentration
of sodium had been reached, both the sodium concentration and the iodine
concentration decreased at the same rate. The initial half-time was 60
min for both components. The iodine concentration collected on char-
coal filters leveled off at ~1.6 dpm/cm3 (a reduction of the initial value
by ~10°). After 15 hr, the major fraction of the airborne iodine activity
was on the charcoal filter.

When elemental iodine is condensed on '"Aitken'' nuclei, as in the
third exgerlment the peak concentration of iodine-131 was 7.5 x 10~ -4
pCi/ecm-”; and the half-time of the activity retained on the molecular
filter was >100 min, as shown in Figure 3. During the time that only
iodine was present (20 min),~2 to 3% of the total activity was retained on
the charcoal filter, as compared to 70% for the second test. Immediately
after the molten sodium was ignited, the iodine concentration decreased
more rapidly, with an air concentration half-time of 10 min. The peak
sodium oxide concentration, as sodium, was 6.4 ;.Lg/cm3, with a half-
time of ~15 min, The activity collected on the charcoal backup filters
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did not change markedly during the time the particulate iodine was de-
creasing; and, after 2 hr, the charcoal fraction was the dominant air-
borne component,

Particle Size Studies

Particle size studies of the airborne activity and sodium oxide, made
by means of cascade impactors, showed that the radioiodine component
was associated with sodium on all stages. For the sodiumiodide - sodium
pool fire, it was found that the distributions, whether measured by activ-
ity or mass of sodium, showed the same trends, and indicate a maximum
AED of 3.3 was reached in ~50 to 60 min, as shown in Figure 4, This
effect is also typical for the iodine - sodium pool fire, which reached a
peak size (measured by activity and mass) of 3.7 at 50 min,

In Test No. 2 (before the release of sodium oxide), cascade impactor
samples had 94% of the total activity on the last stage, indicating that
most of the airborne iodine was not associated with particulates with
radii >0,3 p. Immediately after the release of the sodium oxide, analysis
of cascade impactor slides showed that the radicactive iodine was now
associated with sodium. The activity and mass median aerodynamic
diameters grew to a peak AED, at 50 min, of 3.7 (Figure 5). Both sodium
oxide and iodine distributions show the same trends with time, but the
iodine activity median sizes were slightly less than those of the oxide.
Figure 6 is a representation of the specific activity of sodium (dpm/ug Na)
as a function of the collector stage constants (mean size collected) in
aerodynamic diameter units, which shows that the iodine agglomeration
is size dependent. As the size of the particles increased, the specific
activity decreased, Figure 7 is a plot of the specific activity per stage
constant. The specific activity per unit size is shown to be:

SA _ K
d a®
where:
SA = dpm/ug on a collector stage
d = aerodynamic diameter, AED
Q@ = proportionality constant

K = constant,

The slope of the curve in Figure 7, for stage constants with AED
<2, is 0.9. The slope for larger stage constants is 0.7. The specific
activity of particles with an AED <2 is therefore directly proportional
to the diameter, while, for larger particles, the specific activity is
proportional to the diameter to the 2/3 power.

In the experiment in which sodium iodide and sodium oxide were
released simultaneously from a pool fire, no attempt was made to iden-
tify the chemical form of the radioactive iodine, but it was assumed to
be still in the form of sodium iodide. When iodine vapor was used in
the experiment, an attempt was made to measure the elemental iodine
present in the aerosol. The iodine fractions collected on the charcoal
filter papers and extracted with benzene were analyzed for elemental

-379-




wWa3sAg SPIX() WINIPOS - 9PIPO] WINIPOS
10y £11ATI0Y pue ssejN Aq I9jowiel(] URIPOIN ' 2InSig

0£28%-Z0LL
(urw) L
(0L 20t L0 o0

IR I LR LR ) IR LB I Lo
B ALIAILOY A8 H3LIWVIA NVIQIN T/ ]
- SSVIN A8 H3Lawvia nviaaw O -
- .

oL

I

LI

P

AN | Ll 1t i ] | I | ]

|

oL

H3A1IAVYIQ LNITVAINDI DJIWYNACQOHIV NVIGIW

-380-




weys g OPIXO winipog - Jodep 9UIPO] JI0F UOLINQLIISYJ ZIS 9[d13Ied

3 XA A TAA

3Z1SQ3LVLIS NVHL H31Vv3HO LN3JH3d
100 1o i oL 0c ov

o8

‘g 2and1 g

86

I ! 1 | |

8L =0
8'€ =03V

ALIALLDY
— A8 NOILNEIYLSIa 3Z1S 3710114Vvd q

L'L=0
— 9'¢ =Q3v
SSVYA A8 NOLLNAIYLSIO 3ZIS m...o_._.r._(ao

S0

o'l

0’0l

H313WVIQ LNITVAIND3 JINVNAQOHIY

-381~




5x 10

N

S

£

£

[72]

2

2 3
-

E 10

[+

(&)

[0

[

Z

@

a

2x 102

AVERAGE OF IMPACTOR
STAGES OF SAME APPROXIMATE -
SIZE

O ONLY ONE MEASUREMENT

] I | ]

Figure 6,

4 6 8 10 12
STAGE CONSTANT, AED (dv/P)
7702-45232

Specific Activity vs Impactor Stage Constants

-382-




5x 10 | | T 1

DISINTEGRATIONS/min/u

1 | L [ 1

CASCADE IMPACTOR SAMPLE SETS

T
OobaG

w

-
[=]

wh—L 1 1.1 | 1 L i 1 1

05 1.0
STAGE CONSTANT, AEC (d+/ )

Figure 7. Specific Activity per Unit Size for
Cascade Impactor Samples

-383-

7702-45233




iodine content by spectrophotometry, Benzene extracts of samples col-
lected before the sodium was released contained 20 to 30% of the activity,
but analysis indicated that no elemental iodine (<2.5 pg) was present, A
sample of iodine, collected after sodium had been burned but late enough
for most of the total airborne activity to be on the charcoal, was also ex-
tracted with benzene. The extract contained 75% of the radioactivity, but
did not contain any detectable elemental iodine; 22% of the iodine activity
which was in the fallout component was extractable, but again no elemental
iodine was identified, In order to verify the initial chemical form of the
iodine used in this experiment, an aliquot of the original material was
analyzed and shown to be molecular iodine.

Fallout and Wall Plating

Sequential samples of the fallout material and wall plating material
were analyzed for sodium and for radioactivity, The results for the
sodium pool fire containing sodium iodide are shown in Figures 8 and 9.
The curves for the various components show that the radioactive sodium
iodide and the sodium oxide show the same trends, and indicate that the
aerosol particle is composed of both components, Table 1 shows the
distribution of the sodium iodide and sodium oxide at the end of the ex-
periment.

TABLE 1

DISTRIBUTION OF SODIUM AND 1131 FOR soDIiUM
OXIDE - SODIUM IODIDE RELEASE (Test No. 1)

Material Total Floor Fraction | Wall Fraction
Sodium Oxide
(2as sodium) 2,1 gm 0.66 0.34
1131
(as sodium
jodide) 1.13 mCi 0.54 0.46

The results from Test No.2 are shown in Figures 10 and 11, and
indicate that, after sodium oxide is released into an iodine atmosphere,
the iodine and sodium oxide behave the same, This again shows that the
aerosol particle is composed of sodium oxide and radioiodine, A summary
of the results is shown in Table 2.

TABLE 2

DISTRIBUTION FOR SODIUM AND I} 3! FOR sobpiuM
OXIDE - IODINE RELEASE (Test No, 2)

Material Total Floor Fraction | Wall Fraction
Sodium Oxide
(as sodium) 0.92 gm 0.78 0.22
Il 31
(as Ip) 0.91 mCi 0.60 0.40
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IV. CONCLUSIONS

Sodium oxide particles, generated in an air atmosphere at the same
time that sodium iodide is released, agglomerate with the iodide to form
a particle whose behavior is determined by the characteristics of the
mixed aerosol particle. Similar behavior is exhibited when sodium oxide
particles are released into an air atmosphere containing elemental iodine
absorbed on atmospheric nuclei. The sodium oxide particles which are
released into an atmosphere containing iodine vapor scavenge a large
fraction of the airborne iodine. In this case, the iodine component which
can be collected on a charcoal filter was immediately reduced by a factor
of 100, which increased in time to a factor of 1000, The activity collected
on the charcoal filter, for both Test No. 2 and No. 3, ultimately reached
an equilibrium concentration, while the agglomerated component which
could be collected on a molecular filter decreased in direct proportion
to the sodium oxide. The airborne activity and sodium oxide, collected
on molecular filters, decreased at the same rates, for each system,
regardless of the original form of the radioiodine,

Particle size data for sodium oxide and radioactive iodine aerosols
show that the iodine is agglomerated by sodium oxide. In the second test,
the elemental iodine has been shown to be preferentially agglomerated on
small particles, This was verified by comparison of the specific activ-
ities of the plated and settled sodium oxide, which show that the plated
material, which is composed of mostly small particles, has a higher
specific activity than the fallout material.

These studies indicate that the analyses of hypothetical reactor acci-
dents which could produce aerosols of radioiodine and sodium oxide, such
as for LMFBR, should take credit for the reduction of the airborne con-
centration of the iodine due to its agglomeration with sodium oxide and
subsequent fallout to the floor of the containment structure. The removal
times due to this mechanism are shorter than radioactive decay, and will
have a large effect on the amount of iodine which can leak from a contain-
ment building,
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DISCUSSION

BEATTIE: I do not quarrel at all with what Dr. Baurmash
says. I'm in favor. What I'm raising now is a point of principal which

I think is important. I'm not being nationalistic either this time because
what I've got to say applies to Mr. Clough's paper which is coming up,
and he is from my country. Dr. Baurmash, I think you said something
about your DBA, or design basis accident, I think in some circles this

is described as energy release or the energy released by a reactivity
excursion. Right? I can go on from there, I've established that. The
point of principal which concerns me is that all the papers around this
part of the session seem to be concerned with iodine, and in the case of
Mr. Clough, my good friend (sorry Bill) with Caesium. Now, we all know
what this energy the release excursion means. It's a vaporization. So
what about the plutonium was the one question, why has nobody mentioned
plutonium? And finally, this is the nasty one, why has no one mentioned
the mixed fission products? Long lived solid fission products. I believe
that the plutonium is more important than the Iodine in the DBA, and I
believe, going farther, that the long lived fission products are more
important than Plutonium unless there are special factors such as
deposition and filtration to produce differential effects. The problem
that concerns me about these mixed fission products is the external
radiation from the long lived activity deposited on the ground and I just
really wanted to raise this general point of principal and bring it to your
notice. I know I'm not the only person who has thought of this; I'm sure
there is somebody else in this audience waiting to add something., It will
be interesting to see who it is.

BAURMASH: Can I discuss the point first about the plutonium.
I don't think the intent was purposely to leave out the plutonium problem.
I know that 2 years ago at the JAEA meeting in New York [ gave a paper
on uranium oxide experiments. The purpose was to study the removal
factors that go with particle agglomeration, settling and wall plating
using UO9 or U30Og as a simulant for plutonium (our facility can handle
uranium oxide but not plutonium). There is other work going on in this
field. I am not going to apologize for everybody else; I'm just going to
tell you what our facility has been doing, We are using uranium oxide

as a simulant for plutonium or the mixed fuel. We are also looking at
the aerosol problem with sodium oxide aerosol. We are using at the time
iodine as a simulant for the volatile fission product species. I'm not saying
that this is the only reason for using iodine.

The experiments that were described were basically
confirmation or developmental experiments to get information about agglom-
eration of mixed aerosols, how they behave with one another and it is incidental
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that it happens to be iodine which was selected. I could have made the
Ruthenium oxide or Caesium, and reached similar conclusions, However,
jodine is a hazardous material in reactor accidents and therefore the one
that we have used to simulate other volatile materials.

FIRST: I'd like to offer a little rebuttal here. I think the
maximum accident you refer to is of course terribly important, an event

to look at, but it's not the only kind of accident that may occur and I think

the more serious the accident the more improbable it becomes. It is quite
likely that there will be large numbers of accidental spills of sodium from
all kinds of places and all kinds of activity which will not be contaminated
with the products which you mentioned. These also must be handled in an
expeditious manner and some of these experiments are designed to look at
that aspect as well as to shed more light on the type of accident you describe.

BAURMASH: I made a point about that. I think I'm going to agree
with you on the DBA being important. Under the present state of licensing
requirements, one must show the DBA is taken care of or one doesn't have

a reactor.

BEATTIE: I would agree with what Dr. Baurmash has said.

I agree with everything you have said in reply. I would like to tangle with
Dr. First, if he doesn't mind. You may know that the basis of the F. R,
Farmer probability idea is that all accidents count, from the biggest to the
smallest and we certainly in the United Kingdom Atomic Energy Authority
take account of and examine very closely all these small accidents. The
design basis accident is only one of many important accidents. So it seems
to me you may become a ''probability man' yet, Dr. First.

CLOUGH: This isn't to defend ourselves Jack, I just want to
say something. Everybody is talking about accidents here. I think it isn't
necessary always to speak about accidents, hopefully we will one day run

fast reactors without the fuel and in that case we are going release fission
products both in the liquid sodium and in the gas phase. I think in this case,
when this does happen the behavior of fission products like iodine and caesium
may well assume importance from the economic point of view than from a
nuisance value point of view rather than a large accident situation and any
knowledge we have about the behaviors of these things in liquid sodium at

this stage will be useful at that stage when we get to it.

FIRST: I want to ask you a question that refers to the
manner in which you determined gaseous iodine. Do I understand that
you filtered a sample through a millipore filter and then put the effluent
through charcoal paper to determine the nonparticulate iodine? How did
you determine that you were not removing iodine on the particulate filter
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because of very intimate contact between gas and the sodium collected on
the filter? How can you be certain that you got the same iodine passage
through the sodium-loaded filter as you had in the air mass in the chamber?

BAURMASH: We had confirmation from our cascade impactor
samples, taken before the oxide was released, in which the iodine pene-
trated to the eighth stage which was a charcoal paper filter., We had
collected less than six percent of the iodine on the first seven stages

and more than 94 percent of the iodine on the charcoal.

FIRST: Even with a cascade impactor, the iodine-
containing air stream could be sweeping across a coating of deposited
sodium or sodium oxide.

BAURMASH: There is not enough oxide to filter the iodine,

It is not really in very great contract because it is only the top of the
deposit that will be exposed and besides there was no indication of any
deposit on any of the glass slides. As I said in my paper, when iodine
vapor was sampled 94 percent was collected on the charcoal filter stage
of the impactor. Thirty percent was collected on the millipore filter of
the millipore~-charcoal combination after the oxide was released. In the
experiment in which the iodine had agglomerated on "Aitken' nuclei we

get 99 percent collected on the millipore with no collection on the charcoal
paper. Same iodine, same filter - in one case six percent on the millipore
and the next case 99 percent.
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CAESIUM BEHAVIQUR IN LIQUID SODIUM -
THE EFFECT OF CARBON

W.3. Clough and S.W. Wade

Health Physics and Medical Division,
A.,E.R.E. Harwell, Didcot, Berks.

ABSTRACT

On the basis of previous thermodynamic calculations and
experimental work, caesium has been identified as the most volatile
ma jor fission product with respect to release from liquid sodium
into the gas phase. Sorption of the caesium by graphite has been
shown to be very effective in reducing the volatility of the
caesium and the formation of stable caesium-graphite compounds
reduces the escaping tendency of caesium to less than that of
iodine in liquid sodium, The caesium forms two compounds one of
which is relatively unstable in liquid sodium and is probably a
surface adsorption compound. The more stable fraction of the
adsorbed caesium is probably a lamellar caesium—-graphite compound
and is almost fully stable in vacuum at 500°C in the absence of
sodium. The rate of reaction for the break down of the more stable
caesium-graphite compound in sodium has been measured over a range
of temperatures and the corresponding activation energy has been
calculated. Graphite has been found to be equally effective for
caesium sorption when it is used in the gas phase above the liquid
sodium,

Charcoal has been shown to be even more efficient than
graphite in trapping caesium and the caesium-charcoal compound
which is formed is almost fully stable in sodium at 5000C and in
air at the same temperature. Pre-treatment of the charcoal with
sodium at 5000C for 3 days has little effect on its performance
with respect to caesium sorption.

e Introduction

The release of fission products from a fast reactor, either in
accident conditions or in uncanned fuel operation, can be
considered in three stages

(a) Release from the fuel into the liquid sodium,

(b) Partition of the fission product between the liquid
sodium and the gas phase,

(¢) Transport in the gas phase.

-393-




Except in the unlikely event of a catastrophic accident
involving the vaporisation of both the fuel and a large portion of
the coolant, the liquid sodium can be expected to modify the fission
product release. Data on fission product behaviour in liquid sodium
will be of use in the assessment of the safety of the fast reactor
and in deciding which fission products are of importance in the gas
phase above the coolant. The chemical state of the fission product
in the liquid sodium can have a profound effect on its release into
the gas phase. Thus if caesium reacted with the trace amounts of
oxygen in the reactor coolant then the oxide formed would be
involatile and the caesium would be trapped in the liguid phase. If
no caesium-oxygen reaction occurs the volatile caesium metal would
be quickly released into the gas phase. Standard state thermo-
dynamic calculations have been used(l) to predict the chemical state
of the fission products in liquid sodium and they can be used in
conjunction with fission product concentration data to show that
iodine will exist as sodium iodide, barium and strontium as the
oxide and caesium as caesium metal. The calculations suggest that
there is very little chance of forming a caesium compound of low
volatility in the same phase as the liquid sodium. Even though
involatile compounds can be found (e.ge CsI) which are stable in
sodium when present in their standard state, in the real case the
vast excess of sodium moves the equilibrium in favour of the sodium
compound and free caesium (e.g. in dilute solution CsI breaks down
to form Nal + Cs).

Experimental work on the sodium-iodide system has shown that
iodine volatility in liquid sodium corresponds to that expected
for sodium iodide(5,1)., The presence of oxygen in the sodium does
not modify the iodine volatility but the effect of decreasing the
iodine concentration is to increase its volatility. Attempts have
been made to calculate the volatility of sodium iodide in liquid
sodi?m u§ing activity coefficients obtained from solubility
datal1,6), The calculations agree with the experimental results in
indicating that the liquid sodium greatly reduces the volatility of
fission product iodine released from the fuel., Caesium then
remains as potentially the most hazardous fission product due to
its high volatility from a large excess of sodium. Ffo$ vapour
pressure data and by estimating activity coefficients\1) the
relative volatility of caesium and sodium (o) has been calculated
to be about 70 at 500°C., Experimental verification of the high
volatility of caesium in liquid sodium has been obtained(1,7). It
is about two hundred times more volatile than iodine and therefore
requires careful consideration in the analysis of the early stages
of a fast reactor accident or in deliberate release in uncanned
fuel operation. A method for retaining the caesium in the liquid
phase or trapping it in the gas phase would greatly reduce the
hazard from caesium.

2 Experimental

The apparatus used was a bench-scale vacuum distillation
apparatus shown schematically in Fig. 1. Its use has been
described previously(5).
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Radioactive caesium (as 137CsCl solution) was placed in the
distillation pot before the apparatus was evacuated. Pure sodium was
transferred to the distillation pot by bursting the can containing
the pure sodium and tilting the apparatus so that the sodium ran into
the pot under gravity. The rate of distillation of the caesium was
measured radioactively by the ¥ counter shown. In the first
experiments the rate of distillation of the caesium was so high that
the gravimetric techniques used previously€5) to measure the rate of
sodium distillation could not be used. The sodium was labelled with
Na2lk and the rate of distillation of both the caesium and the sodium
was measured radioactively. In later experiments, when graphite was
used in the sodium, the rate of caesium distillation was slow enough
to make the gravimetric technique again applicable. The pure
graphite used was U.K.A.E.A, Pile Graphite "A",

3 Results

341 The volatility of caesium in pure sodium at 500°¢C

Results typical of those obtained are shown in Fig. 2. These
results were calculated from the measured values of the activity
remaining in the pot at given times after the start of the
distillation. In the case of Cs137 the y count originates in the
decay scheme.

Cs137 §§a S Ba137m 2.3 min Ba137

When distillation is in progress the Cs is removed by both physical
transport and radiocactive decay

A A
KH Cs137 A, NZBa137m __gé Ba137
Distillation
A3 "

Where Ny and Np are the numbers of atoms of the species shown and
M, and Ap and A3 are rate constants.
=izt
o
= A ~ A, N, = N 3" A, N, as A << A
Now  dl, 1 Ny 272 1 © 2 "2 1 3
dt

N1° is the value of Ny at the start of the distillation. Solving
the above equation for N, gives

-2 - Mot - Aot
N, = M N2o (e 3t . R ) o+ N2o e 2
=%

Where N2° is the value of N2 at the start of the distillation. Az
can be calculated from this expression using the experimental va}ues
of No and t. The results are shown in Fig. 2 plotted as fraction
N_.O
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of caesium distilled against fraction of sodium distilled. The
relative volatility (a) was found to be high (about 20) but not so
high as that predicted from thermodynamic data by Castleman(1 and
found experimentally by Pollock et al.(7) (see Fig. 2).

Castleman(2) has shown that the diffusion rate of caesium in either
the liquid or gas phase can limit the distillation rate of caesium
in liquid sodium. It is probable that diffusion in the liquid phase
or the presence of trace amounts of carbon in the apparatus (see
next section) is responsible for the experimental results being
smaller than the predicted maximum value.

3.2 The effect of graphite on the volatility of caesium in sodium

The distillation pot was contaminated with carbon and, even
after prolonged washing, subsequent results obtained were like those
shown in Fig. 3. The results can be analysed in two sections.
Section A closely resembles the behaviour of caesium before the pot
was contaminated. Section B was ascribed to the presence of
graphite on the pot walls. Caesium is known to form inter-lamellar
compounds with graphite and the break down of these compounds has
been measured kinetically at 500°C in vacuum(8). Sorption of
caesium on graphite in a flowing sodium loop has been reported(3).

The deliberate addition of graphite modified the caesium
emission in the way shown in Fig. L. 5.8 g of graphite was used in
the form of 2 sticks with dimensions 4 cm x % cm in 48 g of sodium.
While the sodium was distilling the caesium was evolved at a rate
less than that measured previously for iodine (see ref. (5)) and
when all the sodium was removed the remaining caesium was fixed in
the graphite. The behaviour of the caesium in the presence of
graphite and sodium is compared to that in pure sodium in Pig. L.
The graphite acts as an excellent hot trapping device for caesium.

3,3 The rate of break down of the caesium—-graphite compounds in
sodium

Further experiments using less graphite (1 g) provided
evidence that the caesium forms two compounds with graphite in
sodium. Thus Fig. 5 shows that one of the compounds, A, (possibly
a surface adsorption layer) breaks down at a rate of about 120%/hr
in sodium at 5009C when the sodium is distilled. The more stable
compound (probably a true inter-lamellar compound) breaks down at
the rate of 6.5%/hr. Kinetic measurements of the rate of break
down of the more stable compound B have been made over the
temperature range 4L00°C - 6000C and the results are shown in the
form of an Arrhenius plot in Fig. 6. The activation energy
calculated from the graph is 14 K cal/mole. The spreadof results
is probably mainly explained by the fact that each point was
obtained from a separate experiment using different graphite
samples.

3.4 Caesium sorption from sodium by graphite in the ga